Background-Treatment of reactive arthritis (ReA) with antibiotics has so far remained controversial. Eradication of the causative microbe appears logical, but short term antibiotic treatment has no beneficial eVect on the outcome of ReA. Objective-To evaluate the eVect of a three month course of ciprofloxacin on ReA. Methods-In a randomised, double blind, placebo controlled trial, between December 1992 and February 1996, 71 patients with acute ReA triggered by a gastrointestinal or a urogenital infection were randomly assigned to receive ciprofloxacin 500 mg or placebo twice daily for three months. Patients were assessed at study entry, at 6 weeks, 3 months, 6 months, and 12 months. Sixty two patients were valid for the eYcacy analysis. The primary outcome measures were erythrocyte sedimentation rate, number of swollen joints, patients self assessment, and complete recovery. Results-Adverse events were mostly mild and occurred in both treatment groups. There were no statistically significant differences in any of the primary or secondary eYcacy variables between the study groups at baseline or during the 12 month follow up. All primary outcome measures indicated that the condition of the patients improved during the study. Conclusion-Both groups tended to recover. Ciprofloxacin, given as a three month course, had no advantage over placebo treatment.
Reactive arthritis (ReA) is a non-purulent joint inflammation developing after an infection elsewhere in the body. Mostly it is triggered by enteric infections due to yersinia, campylobacter, salmonella, and shigella species or by sexually transmitted microbes, such as Chlamydia trachomatis, Ureaplasma urealyticum, or gonococcus.
1 2 The pathogenesis of ReA is incompletely known, but the triggering infection has a central role. Genetic factors, especially the class I major histocompatibility complex molecule HLA-B27, render the subject susceptible to the disease. 1 Newly diagnosed ReA usually has a self limiting course, lasting from a few weeks to several months. However, in 20-70% of patients the disease is prolonged, with arthritic recurrences and other manifestations, such as enthesopathy, sacroiliitis, and urogenital or eye inflammations.
3-8 Radiographic sacroiliitis is more likely to appear in those with severe, chronic, or recurrent disease. The incidence of sacroiliitis is higher in patients with classic Reiter's syndrome than in patients with enteroarthritis. 9 It is generally accepted that in some patients ReA may progress further to ankylosing spondylitis. 10 11 Several findings raise the question whether the causative microbe remains for a long time in the body of patients with ReA. In yersinia triggered ReA, persistence and maturation of IgA class antibodies suggest that the microbe or its antigenic components maintain the immune response in the intestinal mucosa or close to it. 12 13 Findings by HoogkampKorstanje et al indicate persistence of yersinia bacteria in the submucosa of the gut and adjacent lymph nodes. 14 Immune complexes composed of yersinia structures and specific antibodies have been shown in the peripheral blood and synovial fluid of patients with ReA. 15 16 Further, yersinia, 15 salmonella, 17 shigella, 18 and chlamydia components as well as chlamydial DNA and rRNA [19] [20] [21] [22] have been detected in the synovial fluid of patients with ReA.
The conventional pharmacological treatment of ReA comprises non-steroidal antiinflammatory drugs (NSAIDs) and intraarticular or systemic steroids. Sulfasalazine is eVective in the treatment of chronic ReA. 23 Eradication of possibly persisting triggering microbes would appear a logical approach. Yet, the place of antibiotics in the treatment of reactive arthritis is still controversial. According to Frydén et al, short term antibiotic treatment has no beneficial eVect on the clinical outcome of ReA associated with enteric infection. 24 In Yersinia enterocolitica infection, antibiotic treatment shortened the duration of IgG antibody persistence in patients with uncomplicated enterocolitis, but not in those with ReA. 25 In a placebo controlled study of patients with acute ReA, the duration of C trachomatis triggered arthritis was shorter in those treated with a three month course of lymecycline than in those treated with placebo. In patients with enteroarthritis no diVerence was observed. 26 In our previous study a three month course of ciprofloxacin had a favourable eVect on some clinical variables in chronic ReA, but the overall eVect was not convincing. 27 Two reports show a beneficial eVect of antibiotic treatment on ReA. In the first, antibiotic treatment of yersinia triggered arthritis for four to six weeks resulted in clinical improvement accompanied by disappearance of the yersinia antigen in intestinal biopsy specimens and of serum IgA antibodies to yersinia. 28 The interesting study of Bardin et al showed that relapses of postvenereal arthritis in patients with Reiter's disease were reduced when new urogenital infections were treated early and vigorously with antibiotics. 29 Ciprofloxacin is a synthetic 4-quinolone derivative with bactericidal activity against a wide range of Gram negative and Gram positive micro-organisms. Thus it is eYcacious against most microbes linked to the pathogenesis of reactive arthritis, such as yersinia, salmonella, and campylobacter, and has a moderate to good eYcacy against chlamydia. 30 It also has an eVective penetration into the inflamed tissues. Therefore, it would be a reasonable therapeutic option for the treatment of ReA.
In a double blind, randomised study we evaluated the eYcacy, safety, and tolerability of long term treatment with ciprofloxacin compared with placebo in acute ReA triggered by a gastrointestinal or urogenital infection.
Methods

STUDY DESIGN
This study was a randomised, double blind, placebo controlled clinical trial. Seventy one patients gave informed consent and participated in the study. The protocol was approved by the ethics committees in each participating centre. PATIENT 
POPULATION
Adult outpatients or inpatients of Turku University Central Hospital, Tampere University Central Hospital, Satalinna Hospital, or Jyväskylä Central Hospital who had clinically evident acute ReA were recruited for the study. Thirty six patients were randomly assigned to the ciprofloxacin group and 35 to the placebo group.
No significant diVerences (p<0.05) in demographic data or clinical and laboratory variables were found between the two treatment groups (table 1). Forty nine patients (79%) were HLA-B27 positive-22 (73%) in the ciprofloxacin and 27 (84%) in the placebo group (valid for eYcacy analysis).
The patients had acute ReA triggered by a urogenital or gastrointestinal infection. A diagnosis of ReA was made if patients presented with a clinical picture of an asymmetrical arthritis and symptomatic enteritis or urethritis a few days to a few weeks before the onset of arthritis. Age at study entry had to be at least 18 years and the patients had to be able to take the study drug properly. NSAIDs and local glucocorticoid treatment were allowed but no systemic glucocorticoids, disease modifying antirheumatic drugs, or other antimicrobial drugs than the test drug. The duration of articular disease could not be longer than three months. All patients gave their informed consent.
Exclusion criteria included allergy to quinolone derivatives, pregnant or lactating women or women in whom pregnancy could not be ruled out, patients requiring concomitant antimicrobial treatment for more than 10 days during or before the study, patients receiving antirheumatic drugs or systemic steroids, and patients with other inflammatory joint diseases.
DRUG ADMINISTRATION
Patients were randomly assigned to receive ciprofloxacin 500 mg or placebo, which were supplied in coded, identical tablets for oral administration. The patient was instructed to take one tablet of test drug (ciprofloxacin 500 mg tablet or matching placebo) twice daily for three months. Reasons for premature termination were an interruption interval of more than two weeks, less than 85% of the drug taken, severe side eVects, medical or surgical conditions which required removal from the study, or the patient's reluctance to continue the study.
CONCOMITANT TREATMENT
Patients were allowed to continue or receive other drugs provided that these were not disease modifying antirheumatic drugs or immunosuppressive drugs. Concomitant treatment with an appropriate other antimicrobial drug, if needed, was allowed for up to 10 days. If the concomitant antimicrobial treatment continued for more than 10 days, the patient was excluded from the study. Antacids containing aluminium or bismuth were allowed to be taken only if they were given two hours before or after the test drug administration. All concomitant drugs were identified and recorded in the case report form at each visit.
CLINICAL ASSESSMENTS
Patients were assessed at study entry, at 6 weeks, 3 months, 6 months, and 12 months. The following variables were evaluated: Ritchie articular index, 31 the number and scoring of swollen joints, duration of morning stiVness, and the following variables using a 100 mm visual analogue scale (VAS) as evaluated by the patient: global assessment, articular pain at movement, articular pain at rest, diYculty of movement and severity of morning stiVness, overall improvement as evaluated by the doctor using a 100 mm VAS. 33 Campylobacter antibodies were determined by using an acid glycine extract of Campylobacter jejuni as antigen. 34 Antibody levels at least four standard deviations higher than the mean of normal control subjects were regarded as positive. Chlamydia trachomatisspecific IgG antibodies were measured by enzyme immunoassay using elementary bodies of C trachomatis L2 strain as antigen according to Finn et al, 35 and an indirect microimmunofluorescence assay was used to study IgG and IgA antibodies against C pneumoniae.
Immunoglobulin concentrations were determined at study entry, 3 months, and 12 months. Alanine aminotransferase activity and serum creatinine concentration were determined before, during (6 weeks), and after (3 months) administration of the study drug.
The following analysis of synovial fluid from swollen joints was carried out: bacteriological culture and Gram stain, WBC and diVerential count, crystals, proteins, and lactate.
Fecal culture for salmonella, shigella, campylobacter, and yersinia was examined at the start of the study.
An electrocardiogram was registered in order to observe the possible changes of myocarditis at the acute phase of the disease.
RADIOGRAPHIC EVALUATION
Radiographs were taken according to the investigators' decision. Sacroiliac joint radiographs were taken if the patient had chronic low back pain and peripheral joint radiographs were taken in cases of severe, prolonged joint swelling.
SAMPLE SIZE Four variables were used as primary outcome measures: (a) ESR, (b) number of swollen joints, (c) patient's global assessment (VAS), and (d) complete recovery. Recovery was defined as normal findings by the patient's global assessment, ESR, serum CRP, WBC count, and clinical examination (no swollen joints). Secondary variables were Ritchie's index, swelling index, serum CRP, overall improvement as evaluated by the doctor (VAS), blood haemoglobin, and blood leucocyte count.
The sample size was calculated with the formula n = 2 × SD 2 × f( , )/ 2 . The diVerence = 20 mm in the mean values of ESR between the two groups will not be overlooked with the power 1 − = 0.80 and two sided significance level = 0.05. The standard deviation (SD) of ESR is assumed to be 26.0 mm, based on previous studies. With these variable values f( , ) = 7.9 and the calculated minimum number of patients was 27 per group.
STATISTICAL ANALYSIS
Descriptive statistics were calculated for all variables. The quantitative variables were summarised by mean, standard deviation, range, median, etc, and the qualitative variables were described by frequency counts and percentages. The primary and secondary eYcacy variables (except complete recovery) were analysed using the analysis of variance of repeated measures. The values of variables at diVerent times (6 weeks, 3 months, 6 months, and 12 months) were treated as within-subjects factors. Treatment (ciprofloxacin v placebo) was considered as a between-subjects factor. The baseline (timepoint 0) variables were treated as covariates. The complete recovery variable was treated as the end point in a Kaplan-Meier survival analysis. The diVerences between the survival curves for each treatment were analysed using log rank statistics. All tests were evaluated as two sided with p<0.05-that is, a significance level of 5%, implying a statistically significant diVerence between the treatment groups.
Results
Seventy one patients were recruited to the study, the total number of patients in the intention-to-treat analysis was 69, and 62 of Twenty two of the patients with enteroarthritis (salmonella-13, Y enterocolitica III-four, campylobacter-three, Clostridium diYciletwo) had a positive fecal culture and Chlamydia trachomatis DNA was detected by polymerase chain reaction in three patients. Positive serology was found in 21 of the 22 patients with salmonella, in all 20 patients with yersinia, in eight of the 12 with campylobacter, respectively. High levels of Chlamydia trachomatis IgG antibodies were detected in all three patients. Five (8%) patients in the enteroarthrits group and seven (64%) patients in the uroarthritis group remained undiVerentiated-that is, the triggering microbe could not be identified.
No statistically significant diVerences were found in any of the primary (fig 2 and 3) or secondary eYcacy variables between the study groups at baseline or during the 12 month follow up. All primary eYcacy variables indicated that the condition of the patients valid for eYcacy analysis improved over the study period, but between the two groups treatment had no significant eVect on the changes (baseline v last visit) of ESR (p=0.148), number of swollen joints (p=0.281), patient global assessment VAS (p=0.775), and complete recovery (p=0.881). In the intention-to-treat analysis the results were the same as above: treatment itself had no significant eVect on the changes (baseline v last visit) of ESR (p=0.57), number of swollen joints (p=0.225), patient global assessment VAS (p=0.481), and complete recovery (p=0.965). Also, no diVerence was found when the groups with enteroarthritis and uroarthritis were analysed separately.
During the study all adverse events were carefully recorded, even if they did not in any apparent way correlate with the drugs used. Two serious adverse events occurred in the group receiving active treatment-one female patient had microscopic haematuria and one male patient was admitted to hospital because of high fever and prolonged arthritis of the knee. Neither of these was related to the study drug. Other adverse events were mild (table 3) . Altogether, 22 adverse events were reported aVecting the gastrointestinal tract-14 in the active group and eight in the placebo group. Two patients in the group receiving ciprofloxacin withdrew prematurely from the study-one because of diarrhoea, the other because of suspected inflammatory bowel disease. Two patients in the ciprofloxacin group had slightly raised liver enzymes (serum alanine aminotransferase) during or after the study drug (visits 2-4). The patients in the placebo group more often had bacterial infections (p<0.05) than the patients in the group receiving active treatment. Adverse events aVecting the nervous system were more common in the active treatment group, though the diVerence was not statistically significant. Other adverse events were rare and probably not related to the study drug.
During the 12 month follow up 11 (eight in the active, three in the placebo group) patients had progressive disease and antirheumatic treatment was started. Seven patients in the active group and three in the placebo group received sulfasalazine, one patient in the active group was treated with low dose methotrexate (table 4). Six patients in the ciprofloxacin group and four in the placebo group received 
Figure 2 Changes in (A) erythrocyte sedimentation rate (ESR), (B) number of swollen joints, and (C) patient global assessment in patients treated with ciprofloxacin (n=30) or placebo (n=32). Values are means (SEM).
DiVerences between groups over time were not significant. 
Discussion
Treatment of ReA with antibiotics has so far remained controversial. The persistence of different causative microbes in the body has been shown by many investigators. In particular, Borrelia burgdorferi and Chlamydia trachomatis bacterium-specific DNA has been found in synovial fluid or synovial membrane, suggesting that live bacteria are present. 20 36 Eradication of the causative agents by antibiotics appears logical. Some facts strongly support this concept. For the prevention of recurrences in rheumatic fever, a form of ReA, monthly injections of benzylpenicillin are generally used. 37 It has been shown that Lyme arthritis can be prevented and cured in most cases by appropriate antibiotic treatment. 38 The incidence of post-venereal relapses of ReA was significantly reduced if new infections were rapidly treated with short term erythromycin or tetracycline, eVective against chlamydial infections.
29
The issue becomes more complicated if ReA has already developed. Lauhio et al reported that long term antibiotic treatment with lymecycline was beneficial in chlamydia induced arthritis. 26 However, since tetracycline antibiotics have anticollagenolytic properties the eVect was not necessarily due to the antimicrobial activity. 39 Prolonged doxycycline treatment of chlamydia induced arthritis was no better than short term treatment in patients with chronic disease. 40 Short term antibiotic treatment in ReA has definitely proved to be ineVective, 24 and even treatment of enteritis did not prevent ReA. 41 In this study we have evaluated the possible eVect of a three month course of ciprofloxacin on ReA in acute disease. Ciprofloxacin has good penetration to tissues and a wide spectrum of antimicrobial eYcacy against Gram positive and Gram negative bacteria, including intracellular organisms like chlamydia, though ciprofloxacin is not the best drug for the treatment of chlamydia infections. In chronic ReA long term ciprofloxacin treatment proved to have no clear eVect on the course of disease. 27 Sieper et al found no diVerence in the outcome between patients treated with long term ciprofloxacin or placebo, and no diVerence was found in a subgroup with a disease duration of less than three months. 42 In our study all the patients had acute ReA. There was a clear tendency towards recovery in both treatment groups during the 12 month follow up. The conventional treatment included NSAIDs, intra-articular injections of glucocorticoid when needed, and physiotherapy in some patients. The treatment groups were comparable, the drug was well tolerated, and few patients dropped out. Thus the conduct of the study succeeded well. In most patients the disease was triggered by an enteric infection and only 11 of 71 patients with ReA had uroarthritis. In this respect the material was diVerent from that of earlier studies. 26 40 42 Owing to the small number of patients with uroathritis, no definite conclusions about the possible eVect of ciprofloxacin on uroarthritis can be made. In all except 12 patients the triggering infection could be defined either by culture, polymerase chain reaction or serologically.
Our findings match fully experimental animal models where yersinia triggered ReA could be cured only if the antibiotic treatment was introduced at an early phase of arthritic development, but not if the disease was fully developed. 43 44 In human medicine this fact almost always presents a problem as the patient seeks medical treatment because of ReA. Only in the unusual setting of Bardin et al was early antibiotic treatment possible and, indeed, turned out to be eVective. 29 In an experimental set-up ciprofloxacin treatment resulted in increased faecal excretion of yersinia in rats. *NSAIDs = non-steroidal anti-inflammatory drugs; DMARDs = disease modifying antirheumatic drugs. †In the ciprofloxacin group the total number of intra-articular injections given was 96 and in the placebo group 62.
